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Marshall Space Flight Center
(MSFC) is the National Aeronautics and
Space Administration's (NASA) lead
center for space transportation systems
development. These systems include earth
to orbit launch vehicles, as well as vehicles
for orbital transfer and deep space
missions. The tasks for these systems
include research, technology maturation,
design, development, and integration of
space transportation and propulsion
systems.
One of the key elements in any
transportation system is the electrical
power system (EPS). Every transportation
system has to have some form of
electrical power and the EPS for each of
these systems tends to be as varied and
unique as the missions they are supporting.
The Preliminary Design Office
(PD) at MSFC is tasked to perform
feasibility analyses and preliminary design
studies for new projects, particularly in the
space transportation systems area. All
major subsystems, including electrical
power, are included in each of these
studies. Three example systems being
evaluated in PD at this time are the Liquid
Fly Back Booster (LFBB) system, the
Human Mission to Mars (HMM) study,
and a tether based flight experiment called
the Propulsive Small Expendable Deployer
System (ProSEDS).These three systems
are in various stages of definition in the
study phase.
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The goal of this paper is to
describe the goals, missions, and system
requirements of each project and then to
focus on the unique EPS requirements that
flow down for each of the three projects.
Finally, we will discuss potential new EPS
technologies that could be used to better
meet the project requirements.
I. BACKGROUND
Marshall Space Flight Center
(MSFC) is the National Aeronautics and
Space Administration's (NASA) lead
center for space transportation systems
development. These systems include earth
to orbit launch vehicles, as well as vehicles
for orbital transfer and deep space
missions. The tasks for these systems
include research, technology maturation,
design, development, and integration of
space transportation and propulsion
systems.
The Preliminary Design Office
(PD) at MSFC is tasked to perform
feasibility analyses and preliminary design
studies for new projects, particularly in the
space transportation systems area. All
major subsystems, including electrical
power, are included in each of these
studies. The final study reports for these
projects are costed, scheduled, and then
presented to the customer for possible
follow-on funding. A few projects that
have passed through PD have been the
Hubble Space Telescope, the Advanced X-





































































intousingtheLFBB asa phaseIV upgrade
to theSTS.Oneof theprimarygoalsof
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into a known, safe trajectory. If all
systems are operating nominally, the STS
operates almost the same as it does now
which includes ascent guidance and control
being governed by the orbiter. At
approximately T+2.5 minutes, 150,000
feet, 31 nautical miles(NM) downrange,
and 5500 feet per second, the LFBB
separates from the orbiter and ET. The
boosters coast to an apogee of
approximately 260,000 feet and 100 NM
downrange while all deployables (wings,
canards, etc.) deploy. The boosters coast
at a 40 degrees angle of attack and
perform a large bank turn towards the
launch site. At about T + 8 minutes,
31,000 feet, and 215 NM downrange, the
air breathing engines(ABEs) perform a
cold start and the boosters autonomously
fly back to the KSC landing strip where
they complete a safe autolanding at
approximately T + 52 minutes. The
boosters are then rolled back to a
processing area to be prepared for
Orbiter interface
(if applicable)
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integration into the STS for the next
flight.
C. EPS System Requirements
The basic requirements for the
EPS combine the redundancy and
reliability requirements of a spacecraft
EPS with the maintainability requirements
of an aircraft EPS. During ascent, the
LFBB EPS will have to provide power to
the LFBB engine controllers and avionics
as well as interface with the orbiter's EPS.
After separation, LFBB control functions
reverts to its own avionics suite with the
energy being supplied by its own space
qualified power source. After reentry, the
bank turn, and the ABEs cold start, the
EPS can now obtain energy from a power
take-off on the ABEs. After landing and
the ABEs shut down, the EPS will provide
any power needed for vehicle health
monitoring (VHM) until the ground
support equipment arrives.
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Figure 1. Preliminary Electrical Power System For LFBB
[One Booster]
A conceptual EPS design is shown
in figure 1. The system is two fault
tolerant with a 270 Vdc bus for the
electromechanically based actuator
systems loads and a 120 Vdc or 28 Vdc bus
for the remaining avionics loads. The
power sources include three 270 Vdc, 60
Ahr silver-zinc (AgZn) batteries and a
turbo-alternator unit for each ABE. The
power controller monitors and controls
the flow of energy to the busses and the
power distributors provide protection and
monitoring to each load. This proposed
system should be versatile enough to
handle the varied load and source power
profiles of the LFBB, yet simple enough

















voltagesinexcessof 3 kV weremeasured
in a 20km lengthtetheredsystem.The
PMGexperimentverified that tether



























systemis thata conductivewire tether
cuttingtheearth'smagneticfield will act
like a generatorandinduceanemf intothe
conductorthatwill causea currento flow
in a closedloop.Themagnitudeof this
inducedemf(v x B • L) is afunctionof
velocity(v), magneticfield strength(B),
andtetherlength(L). Theseparameters















EMF@ (400 km, Incl 32 Deg)
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Figure 2: Induced Tether Voltage (Open Circuit)
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Figure 3. ProSEDS Electrical
One of the more challenging
aspects of the pre-mission phase is to
predict the magnitude of the current flow
through the "bare wire" tether system and
through the plasma of the ionosphere.
Within the constraints of the mission and
the available hardware, peak orbital
average currents of two amperes are
anticipated. Peak current may be as high
as 4.5 amperes.
C. The Electrical Power Subsystem
From a conceptual standpoint,
one of the aspects of the ProSEDS
mission, and subsequently the electrical
power subsystem, is to collect data over at
least three orbits. This will be
accomplished with a primary battery sized
for the deployment of the 20 kln tether
system plus the energy required for the
loads during this minimum period of three
orbits of data collection. Following this,
the power source for the loads will be the
tether system which will supply energy for
secondary battery recharge and power
conversion.
A secondary mission objective is
to demonstrate the storage, conversion
and regulation of the tethered-generated
electrical power. The basic concept, shown
in Figure 3, is to provide regulation and
conversion of the very high induced
tethered voltages for further conversion
into a usable system voltage. Lacking a
%
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high input voltage "buck" power
converter, the input voltage to the
converter is regulated using a low cost,
secondary nickel-cadmium battery. This
battery clamps a portion of the high input
system voltage with the remaining voltage
being dropped across the tether resistance,
the impedance of the ionosphere, and the
plasma contactor (not shown).
A group of front-end high
voltage vacuum relays (SW1,SW2, SW3)
are designed to operate in a sequence to
measure parameters of the tether and of
the ionosphere such as open circuit
voltage, short circuit current, and
characteristics at a specified resistive load.
The recharge logic for the secondary
battery will be controlled by relays SW3
and SW4.
V. HUMAN MISSION TO MARS
A. Ove_iew
Working with the science and
exploration community, NASA (MSFC,
JSC, LeRC) is developing a design
reference mission (DRM) to be used in a
planning exercise to send humans to Mars
during the 2011 and 2013/2014 Mars
opportunities. The DRM represents the
most current approaches to completing
the mission and provides a baseline






















crewhasto committo the longjourneyto
Mars.



























stayin a low Earthorbit (LEO)for up to
32days.Thisrequirementwill forcethe
TMI stageto havesomeform of power
generation/energystorageEPS.Depending
on the numberof electromechanical
actuators(EMAs)andrendezvousand
dockingavionics,theEPScouldbein the
1000'sof Watts.Onealternativeis to use
theNTPengineasa powersourcein abi-
modalconcept,but thiswouldrequirethe
TMI stageto remainwith thecargostages
until nearMarsorbit.
TheTEI stage,usedto returnthe
crewto Earth,will besimilarto theTMI
stage.Theprimarydifferencesinvolve




























































Thanks to Chris Rupp (PS04) Fred
Elliott (EL22), Kai Hwang (CSC/MSFC).
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